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has always been difficult [2] [3] [4] mainly because of technical and ethical problems [5, 6] .
Recent surveys from different countries have revealed that the prevalence of sufficient fiberoptic intubation skills among anesthesiologist is still low [7] [8] [9] [10] .
The purpose of this study was to prove that the simulator can train a novice to achieve the expert level in a relatively short time. Two simulators were involved in the study. The computerized Accu Touch Bronchoscopy Simulator (ATBS, Immersion Medical, Gaithersburg, MD) (Appendiex A) was used in this study for teaching, training and fiberoptic skills evaluation. And the Non-Electronic Human Anatomy Airway Simulator (NEHAAS, Medical Plastic Laboratory) (Appendiex B) was used for FOI skills evaluation also. Data related to the performance on the bronchoscopy are recorded by the computer. The performance on NEHAAS was video recorded. Medical students participating in the study were referred to as novice;
certified resisted nurse anesthetist (CRNA) or faculty were referred to as expert. After training, if the novice did not actively maintain the repetitive practice, skill level would decay. The retention of fiberoptic intubation skills was tested on the novice group 2 months later for a post training session by performing one fiberoptic endoscopy on ATBS. The data were recorded and 3 different statistical models were used to analyze the difference between the novice group (before and after training) and the expert group, the improvement of the novice group after training and the skills decay over time.
ATBS can display computer-generated realistic anatomical images and record the data that are related to the performance of the bronchoscopy, such as the number of contacts with the mucous membranes (also called airway collusion), the number of attempts needed to pass through the glottis, the time in red-out, the time in hypopharynx, the time to pass nasal, the time in Nasopharynx, the time in Oropharynx, the time to pass oral, and the total time of the procedure.
NEHAAS consists of a head, a neck and an upper chest. Inside the mouth there are a simulated pharynx and a larynx which leads to a simulated trachea and airway.
The device is not electronic or computerized. Two blinded faculty rated video clips, and gave binary score for eleven items in scoring checklist (Appendix C) with Pass = 1 (no further training) and Fail = 0 (more training required). A final PasslFail score was gave for each novice and expert according to the overall performance.
MATERIALS AND METHODS

Novice Group and Expert Group
Eight anesthesiologists who have performed more than 100 fiberoptic intubations were recruited as the expert group. The performance of experts on ATBS and NEHAAS was computer recorded or video recorded and used as the "expert standard".
Fifteen fourth year medical students with no previous experience of FOI were recruited as the novices group. They received a 15 minutes long simulation-based training. The performance of the novice group (before and after training) on both simulators was recorded. The total time needed and total attempts need to achieve the successful FOI were also recorded.
Two months after the training, twelve novices out of fifteen were tested on the FOI dexterity decay. Their performance on the simulator before and after retraining was recorded. The attempts and times needed to be trained back to the expert level were also recorded for the skill decay study.
All study was done in University of Louisville Hospital, Louisville, Kentucky.
Data Analysis Methods
Developed Maximum likelihood method
For discrete data, such as number of airway collisions and the number of passes for oral and nasal, a testing procedure based on likelihood ratio was derived to analyze the difference between different groups and the change of skill in novice group over time. This derived test was based on the assumption that the number of airway collision follows a Poisson distribution.
We use a random variable X represent the number of airway collisions in expert group for each person and a random variable Y represent this number in novice group To compare the number of contacts with the mucous membranes (or the number of oral and nasal passes) in expert group and the novice group, we are actually comparing theA1 andA2. So the null hypothesis and the alternative hypothesis will be:
If we let A = A1 and<t> = A2 , the hypothesis will be transformed to:
Then variable X will be transformed to X follows a Poisson distribution with 
Paired T -test and Two-Sample T -test
We assume the data related to time in both novice and expert group, like the total time to finish one FOI, the time in red-out, the time to pass nasal, the time to pass oral and the total time for novice to get trained/re-trained, follows a Normal distribution.
Paired t-test and two-sample t-test were applied and the tests were performed using SAS.
Specifically, two-sample t-test was used to test the hypothesis that performance For data from total attempts for novice to get trained/re-trained, we can approximately assume that the mean of these data follows a Normal distribution by applying the Central Limit Theorem (CL T). Hence, a two-sample t-test was used in testing the difference between training and re-training.
Proportion Z-Test
For data from the total checklist performance scores and Pass/Fail score, since it is listed as "Pass" and "Fail", it follows a Binomial distribution. A two-sample proportion z-test was used to carry out the testing procedure. Jp(l-P)(~+-k)
RESULTS AND DISCUSSION
We plug in the experimental data from the University of Louisville Hospital and analysis the results. The data we analyze here includes: the number of airway collision, the number of oral and nasal passage, the total time to finish the FOI, the total time used and total attempts used to train the novice, the checklist score, the PasslFail score, ect.
Developed Maximum likelihood method to analysis the improvement of airway coUision and oral, nasal passage skills
The developed maximum likelihood model provides a way to analysis the simulator training results in the hospital. For the airway collision, we compared the pre-training and after training performance of the novice, and also we compared the performance of the novice and the expert. Before training, the number of airway collision in the novice group is significantly more than the expert group (p-value < 0.0001), but their performance can be significantly improved after training session (pvalue <0.0001, novice before-training vs novice post-training) and can reach the expert level (p-value = 0.1709, novice post-training vs expert) (Fig 1, Table 1 ).
However, the skills of novice get significantly decayed after 2 months (p-value < 0.0001 , novice post-training vs novice 2 month later pre-training), but still obviously better than their pre-training performance (p-value < 0.0001 , novice pre-training vs novice 2 month later pre-training). Data also shows that although the skills could (Figure 2 A, 2 B , Table 2 ). The Table 2 . Comparison of the number of passes for oral and nasal in novice group and expert group. *: The number of passes #: 2 Month post training means the performance of novice group after re-trained 2 month later.
Paired T -test and Two-Sample T -test
The expert group use significantly less total-time to successfully finish the task on the Fiberoptic Bronchscopy (P-value = 0.0004), when compared with the novice pre-training group. After the training session, the novice group can perform as good as the expert group (p-value = 0.5242). The POI skills' decay over the time is obviously. After 2 month, the novice group use significantly more time to finish the task comparing to after training stage (p-value = 0.0118), but still much better than the pre-training stage (p-value = 0.0138) ( Figure 3 , Table 3 ). They can re-gain the skills to expert level (p-value = 0.5863) with less training time comparing to the first time training session.
We compared the total time and total attempts needed to train and re-train (2 months later) the novice group to reach the expert level. The total time needed for retraining the novice is significantly less than the first time training process (p-value = 0.0288). And the attempts are less but not significant (p-value = 0.1715) (Figure 4 ). The oral time and nasal time (speed) in these groups follow the same pattern as well ( Figure 5 , Table 4 ). The time used for passing the oral and nasal get significant shortened after training (p-value < 0.0001 for oral and p-value = 0.0004 for nasal), and reached the expert level (p-value = 0.6782 for oral and p-value = 0.3969 for nasal). The skills can be maintained after re-training.
All these show that after the simulator training, the novice group will use significantly less time to finish the oral passage and nasal passage procedures, and use significantly less time to finish the whole process of FOI, and reach the expert level. Figure 5 . The box-plot of the time (A) and attempts (B) needed to train and retrain the novice to reach expert level (with 95% confidence interval)
Proportion Z-Test
The performance of expert and novice about oral and nasal fiberoptic intubation on HAAS was video recorded. The skills were scored by two independent blinded faculty raters according the checklist (Appendix C). (0, 1) was used to indicate Pass/Fail for each step in the checklist and a final Pass/Fail was given in the end. To reduce the bias, we merged the two professors' scoring results. Table 6 . Comparison of the checklist score, total score and PasslFail score in novice group and expert group
CONCLUSIONS
Three statistical models were used in this study: 1). Derived maximum likelihood method, 2). Paired T-test and Two-Sample T-test method, 3). Z-test method to analysis different distributed data generated during the simulator training for FOI skills. All the results show that the novice group can reach the expert level or even better than the expert level. The skills show different levels of decay with time, but the novice can be re-trained with less time comparing to the first time training process.
We proved that the simulator can train a novice to achieve the expert level for FOI skills in a significantly shorter time. This has significant meanings in improving fiberoptic intubation skills among anesthesiologist and decreasing the anesthesia related morbidity and mortality in clinical settings.
APPENDIXC
Checklist for Fiberoptic Intubation Performance
Done Done Correctly
Incorrectly Hold control section correctly in one hand 1 with thumb position for flexion and extension control, and index finger for suction Focus scope using appropriate external 2 object Control tip of scope with other hand 3
Introduce bronchoscope into mouth! nose 4 centered Maneuvers bronchoscope through 5 nasopharynx! oropharynx and visualizes cords Passes cords 6
Continues insertion of bronchoscope until 7 visualization of carina Passes endotracheal tube atraumatically 8
Reconfirm vision of carina after ETT in 9 situ Removes bronchoscope smoothly 10
Hold the fiberoptic scope firmly and 11 straight
